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ABSTRACT 
 
This study was conducted in Lembwa and El-Gazair reserved forests, located on the 
Blue Nile basin in Sennar State. The study aimed to characterize and classify the soils of the 
four basen zones, locally named Gerf, Maya, Karab and Dahara, and determine their fertility. 
Three profiles were dug in each of Gerif, Maya and Karab and one profile in Dahara. The soil 
profile in Gerif in the two forests was deep, with high silt content and silty clay texture, while 
in Maya and Dahara it had clay content and clayey soil texture. Karab zone in El-Gazair 
forest was characterized by high sand content and sandy loam texture. The pH was neutral to 
slightly alkaline and the soil was free from salinity in all zones, except Dahara. The cation 
exchange capacity (CEC) was medium in all zones, except in Karab where it was low. 
Regarding fertility, Gerif zone wase rich and fertile followed by Maya zones. Dahara zone 
contained small amounts of other nutrients in the two forests. The World Reference Base 
(WRB) 2006 and USDA 2010 systems were used for classification of the zones. Gerif and 
Maya zones in both forests and Karab in Lembwa forest were classified as Haplic Fluvisols 
clayic (WRB) and Entisols Typic Torrifluvents, Entisols Vertic Torrifluvents (U.S 
Taxonomy), respectively. Karab zone in El-Gazair forest was classified as Haplic Regosols 
Calcaric and Inceptisols Typic Torrifluvents. Dahara zones were classified as Haplic 
Vertisols Calcaric and Vertisols Typic Haplotorrets. 
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INTRODUCTION 
 
The soil is three-dimensional natural body with properties that reflect the impacts 
of climate; biota; topography; time and parent material; these five soil forming factors 
vary in time and in space. With few exceptions; soils are still in a process of change; they 
show in their ‘soil profile’ signs of differentiation or alteration of the constituent material 
incurred in a process of soil formation or pedogenesis (FAO, 2001). Soils play essential 
role in supporting the terrestrial biosphere and in element cycling and are fundamentally 
important to the well-being of all humans. They are increasingly used for wide range of 
economic purposes including food production (Verdoodt and Van Ranst, 2003); mining; 
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quarrying and are suffering degradation and pollution from these activities. Unlike plants 
and animals; which can be identified as separate entities, the world’s soil cover is a 
continuum. Its components occur in temporal and or spatial successions.  
In the early days of soil science; soil classification was based on the genesis of the 
soils. Many traditional soil names refer to the soil forming factor considered to be 
dominant in a particular pedogenetic history; for instance desert soils (climate being the 
dominant factor); plaggen soils (human interference); prairie soils (vegetation); mountain 
soils (topography); or volcanic ash soils (parent material). Alternatively; soil names refer 
to a prominent single factor; for instance Brown soils (color); alkali soils (chemical 
characteristic); hydromorphic soils (physical characteristic); and sandy soils (texture) or 
lithosols (depth). 
Soil classification is the categorization of soils into groups at varying levels of 
generalization according to their physical; mineralogical and chemical properties. The 
objectives of soil classification include organization of knowledge; ease in remembering 
properties; clearer understanding of relationships; and ease of technology transfer and 
communication. Many classification systems are used to classify soils and soil materials. 
Some are designed to relate soil properties to specific uses and are referred to as 
Technical Soil Classification Systems. Others; termed National Classification System; are 
structured to categorize properties of soils. The system of soil classification was 
influenced by similar developments in other national classification systems; specifically 
those in Europe; Australia; New Zealand; Canada and the FAO-UNESCO legend of the 
Soil Map of the World (FAO-UNESCO, 1981). 
Sudan lacks yet a complete map of soil classification; it exists only fragmented 
maps for regions or States and were made for soil evaluation purposes. Important regions 
like the riveraine sub-basins need to be covered and make information available for 
various purposes. For this study, the Blue Nile forests of south Fung region have been 
chosen because the soils there vary distinctively according to land physiographic units 
that are created by the action of the river meandering (Buursink, (1971). Zones that run 
parallel to the river course can be easily demarcated and they are locally designated as 
Gerif, Maya. Karab and Dahara. The reveriane borders (River Nile and tributaries, and 
other major watercourses) contain very rich taxa of soils in the Sudan and are annually 
renewed by flooding dynamic. This study aimed characterize, classify and determine the 
fertility of the soils of Blue Nile sub-basin reserve forests. 
 
 
MATERIALS AND METHODS 
 
This study was carried out in two sites in Sennar State, located on the Blue Nile 
sub-basin,  Lembwa (on the western bank at 13º 1′ N and 33º 56′ E) and El-Gazair (on the 
eastern bank at 13º 02′ N and 33º 57′ E) reserve forests. The climate is semi-arid with low 
rainfall woodland savannah (Harrison and Jackson, 1958). Rainfall varies between 500 
and 800 mm/annum and mostly falls between May and October. Temperatures range 
from 15°C in winter (December-January-February) to 41° C in summer (May-June). The 
land topography along the river banks and the accompanying soils are mostly formed by 
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the inter-annual flooding dynamics, so that distinct zones can easily be outlined and 
which run parallel to the river course (Foggie, 1968; Buursink, 1971; Elsiddig, 1985); 
these zones are locally named as, Gerif (silt deposition terrace just above the river 
course), Maya (cut-off channel constituting river meandering water discharge), Karab 
(represents upper limit of normal river flood waters and also inland runoff effluent 
towards the cut-off channel) and Dahara (represents the vast landscape away from the 
river banks). The forests are manily composed of Acacia nilotica plantations and limited 
introduction of other species (Eucalyptus spp, Khaya senegalensis, Ailanthus exelsa, 
Conocarpus lancifolius, Azadirachta indica, Ceiba pentandra, Dalbergia sisso, 
Mangefera indica, Delonix regia); some natural vegetation exists at the premises of the 
forests and contains Acacia seyal, Acacia sieberana, Acacia mellifera, Acacia nubica, 
Balanites aegyptiaca, Ziziphus spina-christi, Tamrindus indica, Adansonia digitata, 
Faidherbia albida, Tamarix orientalis, Ficus glumosa Maytenas  senegalensis, Capparis 
deciduas, Grewia tenax. The most common herbs and grasses are Sorghum sp, Cyprus 
rotandus, Exanthium brazilcum, Solanum nigrum, Argemona mexicana, synchrus 
biofloris, Cassia spp. 
 
In the two sites, three profiles in each zone of Gerif, Maya and Karab and one profile 
in the Dahara were demarcated, dug, described and sampled during 7-10 May 2011. Soil 
samples were air dried, crushed and passed through a 2 mm mesh sieve. All the soil 
physicochemical determinations were carried out according to the international procedures 
(Page 1982; Klute 1986; Kalra 1998). Air dry samples were used to analyse particle size 
distribution, bulk density, calcium carbonate, pH, electrical conductivity (Ec.), soluble 
cations (Ca, Mg, Na and K), CEC, Organic carbon, nitrogen, phosphorous. 
Soils of the different zones were classified according to Keys to Soil Taxonomy 
(USDA, 2010) and the World Reference Base for Soil Resources (FAO, 2006). Nutrient 
stocks and soil fertility evaluation were also carried out. The data were subjected to analyses 
of variance by a SAS program package (SAS, 2004) and mean separations were obtained by 
Duncan's multiple range test. 
 
 
RESULTS AND DISCUSSION 
 
Description of the soils of the different zones in Lembwa forest 
 Due to the big similarities in each zone, one typical profile was chosen to 
represent the soil features. And also due to the numerous layers found within the profile it 
was not possible to use the usual designation of differentiations such A, B and C horizons 
and so the various layers were assigned by depth. 
A) Gerif zone: Topography: flat; Elevation: 432.9 m; Vegetation: Acacia nilotica; some 
seasonal herbs; Drainage: free drainage; Surface feature: nil. 
0-23 cm: brown (10YR4/3) dry; silty; platy structure; friable; cohesion; very sticky and 
very plastic; very fine pores; very common fine and medium roots; very few cracks; 
red mottles of Fe2O3; medium biological activity; smooth clear boundary. 
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23-53 cm: brown (10YR4/3) dry; silty blocky; hard; slightly cohesion; very sticky and 
very plastic; very few roots; very few deep medium cracks; smooth clear boundary. 
53-83 cm: brown (10YR4/3) dry; silty prism blocky; hard; cohesion; very sticky and very 
plastic; very few roots; very few cracks; smooth clear boundary. 
83-90 cm: brown (10YR4/3) dry; silty loam; prism to blocky; very sticky and very 
plastic; smooth clear boundary. 
90-98 cm: brown (10YR4/3) dry; silty; subgranular blocky; slightly cohesion; very sticky 
and very plastic; red mottles of Fe2O3; smooth clear boundary. 
98-145 cm: brown (10YR4/3) dry; silty loam; subgranular smooth; cohesion; friable; 
sticky and plastic; very fine cracks; common fine and medium to macro root. 
 
B) Maya zone: Topography: Depression; Elevation: 428.4 m; Vegetation: Acacia nilotica 
and seasonal herbs; Drainage: poor drainage; Surface feature: crust of cracking clay 
soil. 
0-30 cm: brown (10YR4/3) dry; clay blocky; slightly cohesion; very sticky and very 
plastic; very few fine roots; very deep cracks; red mottles of Fe2O3; medium 
biological activity; clear boundary. 
30-60 cm: Very dark grayish brown (3/2 10YR) dry; clay fine granular; (weak tendency 
to platy); slightly cohesion; slightly hard; very sticky and very plastic; very few 
roots; common gravels; biological activity; diffuse boundary. 
60-150 cm: brown (10YR4/3) dry; clay fine granular; cohesion; very sticky and very 
plastic; no cracks; few medium roots; few gravels. 
 
C) Karab zone: Topography: gently undulating; Elevation: 430.2 m; Vegetation: Acacia 
nilotica; Drainage: good drainage; Surface feature: nil. 
0-35 cm; dark grayish brown (10YR4/2) dry; clay subgranuar blocky; moderately 
cohesion; very sticky and very plastic; very few roots; common deep cracks; CaCO3 
nodules ; clear boundary. 
35-97 cm: dark grayish Brown (10YR4/2) dry; clay blocky; moderately cohesion; very 
sticky and very plastic; very deep cracks; very fine few roots; CaCO3 nodules; 
gradual boundary. 
97-140 cm: very dark grey (10YR4/1) dry; clay subgranular blocky; cohesion; slightly 
sticky and slightly plastic; very deep cracks. CaCO3 nodules. 
 
D) Dahara zone: Topography: upland-flat; Elevation: 435 m; Vegetation: Acacia 
nilotica; Balanitesegyptiaca; ZizipHusspina Christi; Acacia nubica; Acacia seyal; 
and Cappris; decedua; Drainage: good drainage; Surface feature: very wide cracks. 
0-40 cm: very dark grayish brown (10YR 3/2) dry; clay massive; cohesion; hard dry; very 
sticky; very plastic; fine deep cracks; strongly calcareous; common white CaCO3 
nodules; common pebbles and gravels; very fine numerous roots; very few fine 
tubular pores; diffuse boundary. 
40-100 cm: dark gray (7.5YR 4/1) dry; clay massive; hard; cohesion; very sticky; and 
very plastic; very numerous CaCO3 nodules; very fine cracks; few fine tubular 
pores. 
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Description of the soils of the different zones in El-Gazair forest 
 Due to the big similarities in each zone, one typical profile was chosen to 
represent the soil features. Also due to the numerous layers found within the profile it was 
not possible to use the usual designation of differentiations such A, B and C horizons and 
so the various layers were assigned by depth. 
A) Gerif zone: Topography: flat; Elevation: 433.8 m; Vegetation: Acacia nilotica; 
Khayasenegalensis and seasonal herbs; Drainage: free drainage; Surface feature: nil. 
0-31 cm: brown (10YR4/3) dry; silty; friable; structure less; cohesion; slightly sticky and 
slightly plastic; very fine and big pores; very fine roots; very fine cracks; grey 
mottles CaCO3; diffuse boundary. 
31-41 cm: brown (10YR4/3) dry; silty fine granular; cohesion; very sticky and very 
plastic; very few fine roots (Cyprousrotandus); no cracks ; grey mottles CaCO3; 
high biological activity; diffuse boundary. 
41-60 cm: dark brown (7.5YR3/3) dry; sandy loam; smooth; structure less; cohesion; 
sticky and plastic; no cracks; and no roots; no cracks; grey mottles of CaCO3. 
60–90 cm: brown (10YR4/3) dry; sandy loam; fine granular; cohesion; sticky and plastic 
very few and macro roots; medium biological activity. 
90-140 cm: brown (10YR4/3) dry; sandy loam; structure less; cohesion; slightly sticky 
and slightly plastic; very fine roots; grey mottles of CaCO3. 
140-150 cm: brown (10YR4/3) dry; silty; subgranular; cohesion; sticky and plastic; very 
fine roots and pores. 
B) Maya zone:Topography: Depression unit; Elevation: 430.2 m; Vegetation: Acacia 
nilotica; seasonal herbs; Drainage: poor drainage; Surface feature: layer of silt 
accumulation on surface and red mottles of Fe2O3 precipitations. 
0-20 cm: brown (10YR5/3) dry; silty blocky; slightly cohesion; very sticky and very 
plastic; red mottles of Fe2O3; no biological activity; clear boundary. 
20-38 cm: dark grayish brown (10YR4/2) dry; clay subgranular to blocky; cohesion; very 
sticky and very plastic; very fine cracks;  very fine few roots;  few pores  ; diffuse 
boundary. 
38-105 cm: dark grayish brown (10YR4/2) dry; clay fine granular; cohesion; very sticky 
and very plastic; very fine cracks;  very fine few roots;  few pores; white mottles of 
CaCO3. 
105-150 cm: dark grayish brown (10YR4/2) dry; clay; sub granular blocky; cohesion very 
sticky and very plastic; very fine cracks; very few fine to medium roots; few pores; 
grey mottles of CaCO3. 
 
C) Karab zone: Topography: gently undulating; Elevation: 429.3 m; Vegetation: 
Balanites aegyptiaca, Ziziphus spina-Christi, Acacia nubica, Adansonia digitata 
plus other perennial plants; Drainage: good drainage; Surface feature: Gravels and 
stones. 
0-60 cm: brown (10YR5/3) dry; sandy loam; fine granular; cohesion; sticky and plastic; 
very common and short roots; very few fine cracks; common macro and micro 
tubular pores (termite); CaCO3 nodules ; clear boundary. 
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60-86 cm: pale brown (10YR6/3) dry; sand; moderately cohesion; slightly sticky and 
slightly plastic; no cracks; very short and few roots; CaCO3 nodules; numerous 
macro and micro tubular pores. 
86-150 cm: light olive brown (2.5YR5/3) dry; sandy loam; structure less; slightly sticky 
and slightly plastic; very short and few roots; CaCO3 nodules; very few pores. 
 
D) Dahara zone: Topography: upland, flat; Elevation: 426.3 m; Vegetation: Capparis 
decidua, Balanites aeygptiaca, Ziziphus spina-christi, Acacia  nubica; Drainage: 
good drainage; Surface feature: Very wide cracks and gilgaii. 
0-60 cm: very dark grayish brown (10YR 3/2) dry; sandy clay massive; cohesion; very 
sticky and very plastic; hard dray friable; very few to less roots; very deep and wide 
cracks; fine and medium white CaCo3 nodules. 
60- 120 cm: very dark grayish brown (10YR 3/2) dry; sandy clay massive; cohesion; hard 
dry friable; very sticky and very plastic; very fine cracks. 
 
Physical and chemical properties of the soils in Lembwa forest 
A) Gerif zone: Clay, silt and sand percentages distribution within the soil profile showed 
no significant differences (P < 0.05), this also applied to most of the assessed 
physicochemical properties of soils of this zone (Table 1). Clay contents through out the 
profile exceeded those of silt, which in turn greater than sand contents in general and 
accordingly the soil texture was silty clay. The soil bulk density is of medium magnitude, 
1.3 gcm
-3
 on average, denoting that the soil was not compacted or have a normal bulk 
density (Blake, 1965). Calcium carbonate content ranged in the profile between 2.1 to 
5.1%, it was slightly higher in the sub-soil than in the surface or in the bottom layers. 
 The soil reaction was neutral with very similar values (average pH 7.5) within the 
different depths; this trend also applied to the electrical conductivity that showed, on the 
other hand, that the soil was not saline, Ec value of 0.6 dSm
-1
 on the average (Sys, 1991). 
Soil organic carbon and total nitrogen contents were not significantly different and their 
values were very low and they rendered C/N ratios of small to medium magnitudes, 
ranging from 6 to 13. Available P contents were erratic within the profile even though not 
being significantly different at p < 0.05, its absolute values ranged from 3.6 to 8.5 ppm. 
Analysis of soluble cations showed that Mg and Na content values were higher (above 
unity) than that of Ca and K (values below unity); the distribution of these elements 
within the soil depths was very similar and therefore did not vary significantly. The cation 
exchange capacity in the soil profile ranged between 32.1 and 51.9 cmolkg
-1
, showing 
irregular distribution and evidently not significantly different at P > 0.05).  
 
B) Maya zone:  
 Here also the analyses of variance and the mean separation tests did not reveal 
significant differences within the soil profile for most of the parameters studied. Clay and 
silt fractions dominated the particle size distribution, and hence the soil texture was silty 
clay (Table 2). The soil bulk density did not vary much within the soil profile and had a 
mean value of 1.4 gcm
-3
. The soil was also carbonated with similar distribution within the 
profile and a mean value of 1.5%. 
  
774 
 The soil reaction was neutral through out the profile a medium pH range of 7.4; it 
was also not saline and with Ec mean value of 0.8 dSm
-1
. The organic carbon and N 
contents were low and homogeneously distributed in the profile; the calculated C/N ratios 
ranged between small to medium categories denoting quick decomposition of the soil 
organic matter (XXXX). The phosphorus contents ranged between 2.4 and 7.3 ppm and 
with higher concentrations in the middle sub-layers of the profile. The contents of the 
basic soluble cations were in most cases less than unity meql
-1
 and varied very little in the 
profile, particularly the contents of K. The cation exchange capacity values of the soil 
ranged between 46.9 and 60.4 cmolkg
-1
 and it tended to be higher in the surface and 
deeper layers of the profile. 
 
C) Karab zone:  
 Clay fraction dominated (49 to 62%) over the sand and silt particle and the surface 
layers contained higher clay than the bottom layers; the silt and sand fractions seemed to 
increase in the deeper profile layers (Table 3). Most of the other physicochemical 
parameters tended to have very similar values and showed identical pattern of distribution 
in the profile to the manner that was illustrated in the previous zones, i.e. Gerif and Maya, 
so that the soil was not compacted, neutral in reaction, non-saline, carbonated and poor in 
nutrient contents. 
 
C) Dahara zone:  
 The analysis of variance and the mean separation tests did not give significant 
differences of the parameters examined within the soil profile. The clay content of soils in 
this zone rised to more than 70% and the sand content was generally less than 10%, so the 
soil texture is plainly clayey (Table 4). The soil is slightly compacted in the surface with 
bulk density value of about 1.7 gcm
-3
. The soil was carbonated with similar contents 
within the profile and an average value of 9%. The soil reaction was almost alkaline (pH 
7.8 to 8.3); and it seemed to be sodic but not saline (Ec 1.5 dSm
-1
 on the average). 
Organic carbon, N, P and basic cations' contents were very low, except Mg and Na 
contents that were relatively higher than the other elements; even though, the cation 
exchage capacity of the soil was fairly high, ranging between 51 and 63.3 cmolkg
-1
 and 
increasing in the deeper layers of the profile. 
 
Physical and chemical properties of the soils in El-Gazair forest 
A) Gerif zone:  
 Particle size was dominated by silt fraction (except in the surface layer) followed 
by clay and sand, and that led to give rise to clayey silt texture of the soil; besides the 
distribution of these particle sizes was rather irregular within the profile and showed 
significant differences between some layers (Table 5). The soil bulk density was of 
medium value about 1.3 gcm
-3
 showing that it was not compacted. The soil contained 
carbonates through the profile and with of 3.5 to 6.9% CaCO3, which nevertheless 
showed no significant differences between the profile layers at p < 0. 05. 
 The soil reaction was neutral all along the profile depth with average pH of 7.5; it 
was also not saline and with a mean value of 1 dSm
-1
. Organic carbon values through out 
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the profile were slightly higher than unity percentage while those of N were less than 
unity percentage value, and in addition varied very little through the profile; the 
calculated C/N ratios ranged between 8 and 13. Calcium, magnesium and sodium 
contents were generally more than unity meql
-1
 through the profile, the values of Ca and 
Mg seemed to decrease in the deeper layers while those of sodium increased slightly, but 
nonetheless all showed no significant differences; K contents of the soil were less than 
unity meql
-1
 through the profile length. The cation exchange capacity of the soil ranged 
between 37.3 to 48.3 cmolkg
-1
 and did not vary very much in the profile. Available P 
values of the soil averaged to 6.1 ppm and similar distribution within the soil depths. 
 
B) Maya zone:  
 Particle size distribution in the soil profile was dominated by clay fraction 
generally, apart from some irregular distribution in the surface layers, silt and sand 
contents had more or less close values and seemed to increase with increasing soil depth 
(Table 6). The soil bulk density averaged to 1.3 gcm
-3 
and had identical values through 
the profile; the soil contained high carbonate values ranging from 4.8 to 9.1% and showed 
no definite pattern of distribution in the profile. 
 The soil had neutral reaction (mean pH of 7.5), and was not saline (mean Ec of 0.7 
dSm
-1
). Contents of soluble cations of Ca, Mg and Na were in most soil layers above 
unity meql
-1
 and showed rather irregular distribution within the profile; except those of K 
which values were below unity meql
-1
 and showed regular pattern of distribution; the 
CEC values ranged between 36.7 and 54.1 cmol-kg
-1
 and had no regular distribution in 
the profile. The available P contents were rather high varied greatly in the profile with 
significant differences between the demarcated depths. 
 
C) Karab zone:  
 As previously observed most of the physicochemical parameters analyzed by 
analysis of variance and mean separation tests gave no significant differences within the 
profile. The particle size distribution was dominated by sand fraction through out the 
profile, more than 50% (Table 7); clay fractions were higher in the surface while silt 
augmented in the deeper layer; the soil texture was therefore loamy sand. The bulk 
density values averaged to 1.5 gcm
-3
 denoting that the soil was not compacted. The soil 
was highly carbonated through out the profile with CaCO3 contents ranging between 
8.3% in the soil surface and 20.9% in the deeper layer. Organic carbon and N contents 
were low as usual in these soils and varied little within the profile depth, the calculated 
C/N ratios ranged between 4 and 9. The values of all the basic cations in this soil were 
mostly below unity meql
-1
; the CEC was of medium magnitude ranging between 21.7 and 
31.2 cmolkg
-1
. The available P contents were also of middle range from 4.3 to 8.1 ppm 
and were not significantly different at p < 0.05. 
 
D) Dahara zone:  
 Clay percentage was very high in the soils of this zone meanwhile silt and sand 
fractions did not exceed 20% each through out the profile (Table 8), and the soil texture 
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was thus clayey. The bulk density of the soil and its carbonate content were of medium 
magnitude. 
 The soil reaction was alkaline (pH 8), but it was not saline with approximate Ec of 
1 dSm
-1
. The organic carbon and N contents were also very low through out the profile 
and were not significantly different at p < 0.05. The contents of Ca, Mg and K were less 
than unity meql
-1
, but those of Na were high ranging between 4.4 and 10.2 meql
-1
; the 
CEC values were moderately high with a mean of 47.7 cmolkg
-1
. the available P values 
were fairly high in the surface layer but were less than unity ppm in the deeper layer of 
the profile. 
 
Classification of soils in Lembwa and El-Gazair forests 
 From the field description data of the soils profiles and the laboratory 
determinations of physicochemical properties it was possible group the soils in the two 
forests and zones into categories matching with those traced by the soil taxonomy 
(USDA, 2010) and WRB (FAO, 2006). Thus three soil orders were outline in the sites, 
they were: Entisols, Inceptisols, and Vertisols. In the present study the soil classification 
into family and series levels was not performed because of the lack of available 
appropriate data. The soils represented by all the profiles in Gerif and Maya zones all 
qualify to be arranged under Entisols. The Gerif soils fall in the sub-order Fluvents, while 
those in the Maya suit to be put under Vertic Fluvents. On the great group level these 
Fluvents, according to soil moisture status, were classified as Ustifluvents. The soils 
represented by the profiles of Karab zone qualify to be placed under the order Inceptisols. 
Because the moisture regime here was of ustic type, the soils were put under the Ustepts 
suborder and on the basis of their calcium carbonate contents they were arranged under 
the great group Typic calciustepts. The soils represented by the profiles of the Dahara 
zones all qualify for the order Vertisols, on the basis of their clay and carbonate contents, 
CEC and basic cations, the width of their cracks and structural formations, and the 
presence of gilgai. On the basis of their moisture regime they belong to the sub-order 
Usterts; and further they were put under the great group Typic haplusterts. 
 According to the WRB (FAO, 2006) the soils of different zones in the two sites 
were classified depending on the diagnostic horizons and properties as following: the 
Gerif soils were classified as Haplic Fluvisols clayic for the evidence of the stratification 
of layers and the irregular distribution of the organic carbon throughout the profile; the 
Maya soils were classified as Haplic Fluvisols clayic; the Karab soils were classified as 
Haplic Regosols Calcaric and the Dahara soils were classified as Haplic Vertisols 
Calcaric. 
 
Fertility of the soils in Lembwa and El-Gazair forests 
 The determination of soil fertility depended on the calculation of the major 
nutrients stocks in gm
-2
 to one meter depth. Organic carbon stocks were highest in the 
Maya of Lembwa forest and Geri of El-Gazair forest (mean = 535.5 gm
-2
) and which 
were significantly different (p < 0.05) from the other zones (Table 9). The lowest stocks 
of organic carbon were found in the Dahara zones (mean = 136 gm
-2
). Nitrogen stocks 
were higher in all the zones in the two forests with a mean value of 55.9 gm
-2
, even 
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though, the Dahara zone was an exception from this trend and revealed the lowest stocks 
of this element and which values (mean = 18.7 gm
-2
) were significantly different from the 
other zones. The distribution of stocks of P, Ca, Mg and K followed identical pattern that 
was outlined for N, i.e. the stock values were higher in Gerif, Maya and zones of the two 
forests and lower in the Dahara zone. However, Na stocks occurred in an opposite pattern 
shown for the other elements in that, the highest values (mean = 122.9 gm
-2
) were found 
in the Dahara zone and the lowest (mean = 57.5 gm
-2
) in the rest of the zones in the two 
forests. The fact that the major nutrient elements stocks were higher in Gerif, Maya and 
Karab, and lower in the Dahara zone coincides with the observation the former zones are 
found under a dense cover of the plantation forest stands in the two sites, implying that 
organic matter and the associated elements are higher in these zones. While, the Dahara 
zone receives very meager organic matter due to the poor vegetation cover and the 
continuous erosion of the topsoil by runoff from the inland areas. 
 The field description and the laboratory determinations of the physicochemical 
parameters of the soils of Blue Nile sub-basin have revealed that there was a tight 
resemblance, if not a frank superimposition, between the properties of the zones (Gerif, 
Maya, Karab and Dahara) demarcated in the two forests. The worthy difference to be 
noticed between the similar zones may come from the variation of the zone width, which 
in some forests may be larger or narrower than in the other forest. An example of such a 
case was that, the Gerif zone in El-Gzair forest was much wider than in Lembwa forest, 
and on the other hand this caused pushing apart and narrowing the Maya zone in the 
former forest.  
 Concerning the fertility evaluation of the Blue Nile sub-basin zones, Gerif soils 
are by far the most fertile among the soils of the different studied zones of Blue Nile sub-
basin. They are deep, light textured, neutral and non-saline, have high CEC and well 
furnished in nutrients; besides, they have a good reserve of water that is regularly 
recharged from the Blue Nile. Hence, from the utilization viewpoint, they do not have 
exploitation limitations (Verdoodt and Van Ranst, 2003, Kassa and Mulu, 2012) and are 
much solicited by the farmers for fruits and vegetable crops production. The Maya zone 
fertility and utilization is restricted by heavy texture and water stagnation for long period 
after the recession of Nile flood. Acacia nilotica is the only tree species that can tolerate 
thriving in stagnation water for a long period (up to nine months in some cases); in 
addition, some kind of taungia cultivation is practiced around the areas of Maya where 
water has receded. Karab zones usage limitations arise from the fact, the constitute 
erosion banks both from the high river flood or from the inland runoff; meanwhile, the 
Dahara zone, or the vast landscape above the Karab zone, is a heavy cracking clay land 
that rests dry for long periods, and receives water only for short rainy season. Even 
though, it constitutes a very good land, if water and appropriate plowing technologies are 
available. Finally, the soils of the Blue Nile sub-basin face great limitation to be exploited 
for extensive and mechanized agriculture; in fact these sub-basins are very limited in 
surface area dimension (some meters to few kilometers in width and length), and are 
often wiped out by being decapitated by the river floods or increased in width, 
particularly the Gerif zone (Abdel-Aziz, 2009). Therefore, these lands are only suited to 
labor farming (not suitable for mechanized farming) and perhaps, afforestation is the most 
  
778 
adequate land use practice for these areas, where forest plantations can act to stabilize and 
conserve these sub-basins. 
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Table 1: Physical and chemical properties of Gerif zone soils in Lembwa forest 
Depth 
 
(cm) 
Sand 
 
(%) 
Silt 
 
(%) 
Clay 
 
(%) 
Bulk 
density 
g/cm
-3
 
CaCO3 
 
(%) 
pH EC 
 
dS/m
-
1
 
OC
‡
 
 
(%) 
N 
 
(%) 
C/N 
 
 
Ca
†
 
 
 
Mg
† 
 
 
Na
†
 
 
 
K
†
 
 
 
CEC 
 
cmol/kg 
P 
 
(ppm) 
0-23 25a 34a 41a 1.3a 3.2a 7.4a 0.7a 1.2a 0.17a 6 0.8a 1.0b 1.5a 0.2a 44.2a 6.9a 
23-53 27a 27a 46a 1.4a 4.2a 7.5a 0.6a 1.3a 0.11a 12 0.7a 0.9b 1.1a 0.2a 33.2b 3.6a 
53-83 17a 31a 52a 1.2a 5.1a 7.5a 0.7a 1.1a 0.13a 9 1.0a 1.1a 1.1a 0.2a 51.9a 6.2a 
83-90 20a 28a 52a 1.3a 4.0a 7.6a 0.6a 1.2a 0.14a 9 0.6a 1.4a 0.7a 0.2a 45.6a 8.5a 
90-98 19a 34a 48a 1.2a 4.3a 7.3a 0.6a 0.9a 0.12a 7 0.3a 1.4a 1.0a 0.2a 46.4a 5.9a 
98-
145 
22a 31a 47a 1.2a 2.1a 7.5a 0.6a 1.1a 0.08a 13 0.5a 1.4a 1.5a 0.1a 32.1b 6.2a 
Values in the column with the same letter(s) are not significantly different at p > 0.05 
‡
OC: organic carbon 
†
Exchangeable cations in meq/l 
 
 
 
 
 
 
 
 
 
 
 
Table 2: Physical and chemical properties of Maya zone soil in Lembwa forest  
Depth 
 
(cm) 
Sand 
 
(%) 
Silt 
 
(%) 
Clay 
 
(%) 
Bulk 
density 
g/cm
-3
 
CaCO3 
 
(%) 
pH EC 
 
dS/m-1 
OC
‡
 
 
(%) 
N 
 
(%) 
C/N 
 
 
Ca
†
 
 
 
Mg
† 
 
 
Na
†
 
 
 
K
†
 
 
 
CEC 
 
cmol/kg 
P 
 
(ppm) 
0-20 25a 32a 43a 1.4a 3.4a 7.4a 0.7a 1.2a 0.15a 8 0.7b 0.9b 0.9a 0.2a 50.5a 2.4b 
20-40 22a 30a 49a 1.6a 3.4a 7.4a 0.6a 1.3a 0.12a 11 0.5b 0.9b 0.9a 0.2a 46.9b 5.7a 
40-90 25a 29a 46a 1.3a 3.4a 7.3a 0.9a 1.4a 0.14a 10 0.9b 1.5a 1.2a 0.2a 48.1b 7.3a 
90-
150 
27a 29a 44a 1.4a 3.6a 7.5a 0.9a 1.3a 0.15a 9 1.8a 1.5a 1.1a 0.3a 60.4a 3.6b 
Values in the column with the same letter(s) are not significantly different at p > 0.05 
‡
OC: organic carbon 
†
Exchangeable cations in meq/l 
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Table 3: Physical and chemical properties of Karab zone soils in Lembwa forest 
Depth 
 
(cm) 
Sand 
 
(%) 
Silt 
 
(%) 
Clay 
 
(%) 
Bulk 
density 
g/cm
-3
 
pH EC 
 
dS/m-1 
CaCO3 
 
(%) 
OC
‡
 
 
(%) 
N 
 
(%) 
C/N 
 
 
Ca
†
 
 
 
Mg
† 
 
 
Na
†
 
 
 
K
†
 
 
 
CEC 
 
(cmol/kg) 
P 
 
(ppm) 
0-35 21a 17a 62a 1.3a 7.4a 0.7a 4.6a 1.3a 0.13a 10 0.9a 1.2a 1.1a 0.2a 58.2a 4.8b 
35-97 18a 24a 58a 1.27a 7.4a 0.6a 3.7a 1.3a 0.17a 7 0.6a 1.0a 1.1a 0.1a 46.2b 12.5a 
97-
140 
27a 24a 49a 1.3a 7.4a 0.5a 2.9a 1.1a 0.11a 9 0.3a 1.5a 1.3a 0.2a 37.6b 15.3a 
Values in the column with the same letter(s) are not significantly different at p > 0.05 
‡
OC: organic carbon 
†
Exchangeable cations in meq/l 
 
Table 4: Physical and chemical properties of Dahara zone soils in Lembwa forest 
Depth 
 
(cm) 
Sand 
 
(%) 
Silt 
 
(%) 
Clay 
 
(%) 
Bulk 
density 
g/cm
-3
 
pH EC 
 
dS/m-1 
CaCO3 
 
(%) 
OC
‡
 
 
(%) 
N 
 
(%) 
C/N 
 
 
Ca
†
 
 
 
Mg
† 
 
 
Na
†
 
 
 
K
†
 
 
 
CEC 
 
(cmol/kg) 
P 
 
(ppm) 
0- 40 4a 22a 74a 1.7a 7.8a 1.6a 8.6a 0.9a 0.11a 8 1.3a 2.8a 6.8a 0.1a 51.0a 4.9a 
40-
100 
7a 22a 71a 1.4a 8.3a 1.4a 9.2a 0.4a 0.15a 3 0.3a 3.8a 6.5a 0.1a 63.3a 3.6a 
Values in the column with the same letter(s) are not significantly different at p > 0.05 
‡
OC: organic carbon 
†
Exchangeable cations in meq/l 
 
 
Table 5: Physical and chemical properties of Gerif zone soils in El-Gazair forest 
Depth 
 
(cm) 
Sand 
 
(%) 
Silt 
 
(%) 
Clay 
 
(%) 
Bulk 
density 
g/cm
-3
 
pH EC 
 
dS/m-1 
CaCO3 
 
(%) 
OC
‡
 
 
(%) 
N 
 
(%) 
C/N 
 
 
Ca
†
 
 
 
Mg
† 
 
 
Na
†
 
 
 
K
†
 
 
 
CEC 
 
(cmol/kg) 
P 
 
(ppm) 
0-31 17b 27b 56a 1.3a 7.4a 0.9a 6.9a 1.3a 0.14a 10 1.2b 1.6a 1.1b 0.2a 40.9b 6.9a 
31-41 17b 45ab 38b 1.3a 7.4a 1.1a 4.7a 1.3a 0.11a 12 2.9ab 1.6a 1.5a 0.3a 37.3b 4.4a 
41-60 17b 40ab 43b 1.4a 7.4a 1.1a 3.5a 1.3a 0.16a 8 4.7a 1.8a 2.4a 0.6a 48.3a 6.4a 
60-90 25a 43ab 32b 1.3a 7.6a 0.8a 5.3a 1.4a 0.15a 9 0.4b 0.7a 2.9a 0.1a 41.9b 5.1a 
90-
140 
15a 59a 26b 1.3a 7.6a 0.81a 5.7a 1.1a 0.12a 9 1.0b 1.2a 1.9a 0.1a 42.3b 5.4a 
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140-
150 
24a 48ab 28b 1.3a 7.5a 1.1a 5.9a 1.4a 0.11a 13 0.8b 1.0a 2.0a 0.2a 40.7b 8.6a 
Values in the column with the same letter(s) are not significantly different at p > 0.05 
‡
OC: organic carbon 
†
Exchangeable cations in meq/l 
 
Table 6: Physical and chemical properties of Maya zone soils in El-Gazair forest 
Depth 
 
(cm) 
Sand 
 
(%) 
Silt 
 
(%) 
Clay 
 
(%) 
Bulk 
density 
g/cm
-3
 
pH EC 
 
dS/m
-1
 
CaCO3 
 
(%) 
OC
‡
 
 
(%) 
N 
 
(%) 
C/N 
 
 
Ca
†
 
 
 
Mg
† 
 
 
Na
†
 
 
 
K
†
 
 
 
CEC 
 
(cmol/kg) 
P 
 
(ppm) 
0-23 6c 33a 60a 1.4a 7.4a 0.8b 5.8a 1.0a 0.06b 17 1.1a 1.5ab 1.2b 0.2a 54.13a 4.5b 
23-35 28ab 15 b 56a 1.4a 7.5a 0.6b 5.6a 1.2a 0.13a 9 2.2a 2.1a 1.0b 0.2a 44.4a 15.9a 
35-73 33ab 24ab 43b 1.4a 7.6a 0.5b 4.8b 1.0a 0.08b 13 1.9a 1.1b 1.0b 0.1a 36.7b 4.2b 
73-80 28ab 28a 44b 1.3a 7.7a 0.6b 7.4a 1.0a 0.15a 7 0.5b 0.9b 1.6b 0.1b 40.8a 8.3b 
80-
109 
40a 21ab 39b 1.3a 7.6a 0.7b 9.1a 1.0a 0.16a 6 0.5b 0.8b 2.1b 0.1b 49.9a 15.3a 
109-
143 
20b 21ab 59a 1.4a 7.7a 1.1a 4.8b 1.0a 0.12a 8 1.4a 1.5ab 4.5a 0.1b 52.3a 10.7a 
Values in the column with the same letter(s) are not significantly different at p > 0.05 
‡
OC: organic carbon 
†
Exchangeable cations in meq/l 
 
 
 
 
 
 
 
 
 
 
 
Table 7: Physical and chemical properties of Karab zone soils in El-Gazair forest 
Depth 
 
(cm) 
Sand 
 
(%) 
Silt 
 
(%) 
Clay 
 
(%) 
Bulk 
density 
g/cm
-3
 
pH EC 
 
dS/m-1 
CaCO3 
 
(%) 
OC
‡
 
 
(%) 
N 
 
(%) 
C/N 
 
 
Ca
†
 
 
 
Mg
† 
 
 
Na
†
 
 
 
K
†
 
 
 
CEC 
 
(cmol
/kg) 
P 
 
(ppm) 
0-60 58a 19a 23a 1.5a 7.7
a 
0.6a 8.3b 1.0a 0.13a 8 1.3
a 
0.7a 0.4a 0.9a 28.5a 8.1a 
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60-86 62a 11a 27a 1.5a 8.1
a 
0.5a 13.7a 1.3a 0.14a 9 0.9
a 
0.5a 0.9a 0.3a 21.7a 5.6a 
86-
150 
54a 28a 18a 1.4a 8.8
a 
0.4a 20.9a 1.1a 0.25a 4 0.7
b 
0.7a 0.3a 0.3a 31.2a 4.3a 
Values in the column with the same letter(s) are not significantly different at p > 0.05 
‡
OC: organic carbon 
†
Exchangeable cations in meq/l 
 
 
Table 8: Physical and chemical properties of Dahara zone soils in El-Gazair forest 
Depth 
 
(cm) 
Sand 
 
(%) 
Silt 
 
(%) 
Clay 
 
(%) 
Bulk 
density 
g/cm
-3
 
pH EC 
 
dS/m
-1
 
CaCO3 
 
(%) 
OC
‡
 
 
(%) 
N 
 
(%) 
C/N 
 
 
Ca
†
 
 
 
Mg
† 
 
 
Na
†
 
 
 
K
†
 
 
 
CEC 
 
(cmol/kg) 
P 
 
(ppm) 
0-60 14a 18a 69a 1.4a 8.0a 0.8b 3.4a 1.2a 0.1
8a 
7 0.2a 0.5a 4.4b 0.8a 48.8a 4.0a 
60-
120 
12a 15a 73a 1.6a 7.9a 1.8a 2.6a 1.4a 0.0
7a 
21 1.0a 0.8a 10.2a 0.5a 46.6a 0.4b 
Values in the column with the same letter(s) are not significantly different at p > 0.05 
‡
OC: organic carbon 
†
Exchangeable cations in meq/l 
 
 
Table 9:  Stocks (g/m2 to 1m depth) of elements in Lembwa and El-Gazair forests in the 
different zones 
 
Site Lembwa forest El-Gazair  forest 
Element Gerif Maya Karab Dahara Gerif Maya Karab Dahara 
OC 451b 545a 471b 80c 526a 418b 433b 192c 
N 54.2a 56.9a 51.0a 17.7c 56.2a 39.0b 61.0a 19.7c 
P 24.5b 22.2b 38.3a 5.2c 22.7b 28.6b 31.9a 3.7c 
Ca
++
 33.4b 42.5b 36.5b 11.6c 91.9a 135.6a 40.3b 12.0c 
Mg
++
 29.4b 40.0a 29.5b 36.4ab 51.2a 42.7ab 13.4b 8.1c 
K
+
 13.5b 16.4b 11.6b 1.4c 35.6ab 13.8b 40.7a 21.4b 
Na
+
 48.1b 55.2ab 49.7b 104.3a 70.5b 63.8b 14.7c 141.5a 
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Values in the rows with the same letter(s) are not significantly different at P > 0.05 
 
